Abstract. According to requirements of the leaves position precision control of multi-leaf collimator (MLC) in the process of radiotherapy, the structure and working principle of the multi-leaf collimator of conformal radiation therapy apparatus was described. Firstly, the position controller of single leaf has been established, and then t fractional order Anti-windup controller was used to ensure the position accuracy of the MLC leaves and meet the requirements of conformal therapy. Finally, the position-loop cross-coupled controller is proposed to reduce the position error. The experimental results show that this method can meet the needs of the control precision of the leaves' position of the multi-leaf collimator.
Introduction
With the deeply research on radiotherapy, the development of equipment for radiotherapy has made great progress. Then it is very important to precisely locate on the tumor and adjust the radiation dose. The purpose of the Multi-leaf Collimator( MLC) is to realize the conformal radiotherapy [1, 2] So, the research of the position [3] of the leaves of the MLC has much more practical significance [4] .
In the motor speed control system, there is a phenomenon of windup. Scholars proposed some anti-windup control technology [5] , which is divided into two categories: the conditional integral method and the trace back calculation method， in order to overcome the phenomenon of windup.
The main idea of cross-coupled control is to build a real time contouring error control model and feedback correction signal to the individual axes velocity loop. The control parameters of cross-coupled control are easy to adjust and the dynamic equations of the system are not essential. However, traditional CCC scheme is based on velocity loop, it is not suitable for the system which has already set up for position loop. To solve this problem [6] .
Control System Model of the Multi-Leaf Collimator for Single Leaf
The multi-leaf collimator is mainly composed by a plurality of leaves, which are arranged in pairs. In radiation therapy system, the position of MLC leaves will be determined based on the shape of the tumor, and the shape of the rays that pass through the MLC is similar to the projection on the irradiated surface of the tumor. The working principle diagram of MLC is shown in Figure 1 . In practical applications, each leaf of MLC is driven by an micro electric motor, and the rotational movement of the motor is converted to a linear motion of the leaf by screw rod. Each leaf has a set of independent controller. The electric motor that has been used in this system includes stepping motor, DC servo motor, and brushless DC motor. The brushless DC motor (BLDC motor) is widely used in MLC control system with many unique advantages [7] . The structure diagram of the close-loop position control system is shown in Figure 2 . 
Design of FOAnti-Windup Controller for Single Leaf
The paper has made much research only on the control of the motor. The BLDC motor can be controlled precisely by the drive file of MLC outputted from the radiation treatment planning system.
The transfer function of speed model is obtained as Eq.1.
where app v is the applied voltage, ( ) t ω is the motor speed, L is the inductance of the stator, ( ) i t is the current of the circuit, R is the resistance of the stator, emf v is the back electromotive force,
T is the torque of motor, D is the viscous coefficient, J is the moment of inertia, t K is the motor torque constant, and b K is the back electromotive force constant.
The parameters of the motor used for simulation are as follows: b K is the motor torque constant: 
The design takes the step signal as input signal to achieve the step response of the control system. Another two examples of the fuzzy adaptive PID and PSO-PID controller is given to illustrate the proposed design is effective. The results of the three methods are shown in Figure 4 . The results of the simulation show that the performance index of the proposed method is better than that by using the fuzzy adaptive PID algorithm and the PSO-PID. Step response curve of output with the three control strategies.
Design the Position Controller for MLCbased on CCC
As shown in Figure 5 , cross-coupled control [8] contains two main parts: one is the real-time positon error estimation algorithm, the another one is cross-coupled control law. CCC consider about the position error of the adjacent axis. Then the synchronization error can be defined as Eq.3. C is the synchronization coefficient.
Simulation and Results
The leaf position error variation curves are shown in Fig.6 , the results can meet the system requirements, rapid convergence. With the control strategy, the change of the position error is smaller, and the time required to eliminate the position error is shorter.
Conclusion
For multi-motor control system, the cross-coupled control strategy can reduce the position error of each leaves of MLC. The control effect of the system with CCC control strategy is better than the system that without the CCC control strategy. 
